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OBSERVATION OF STRONGLY WAVEVECTOR DEPENDENT
RAMAN SCATTERING BY LO PHONONS IN GaAs NEAR THE Eo GAP

Even though Raman scatter' ig of semiconductor materials has been studied

intensively for over two decades, new experiments continue to reveal

information of fundamental importance concerning the dominant mechanisms.

Recent studies of GaAs suggest that impurity-induced scattering provides a

major contribution to the Raman intensity observed near the Eo + A gap, the

energy range most studied (Ref. 1). Impurity-induced scattering should be

independent of phonon wavevector -' and thus be observable in the forward

direction (where q is near zero), whereas intrinsic forbidden scattering

should vanish in the forward direction (Refs. 2, 3). Therefore, forward

scattering experiments provide a direct test of mechanisms. In prior studies

of GaAs, forward scattering measurements were precluded by strong sample

absorption above bandgap, or poor background laser light rejection below

bandgap.

In this work we present results of forward scattering measurements at

photon energies approaching, but less than, the Eo bandgap. We report the

first observation of strong symmetry selection rules for forward Raman

scattering by LO phonons for parallel incident and scattered polarized light

in bulk GaAs. The results demonstrate strict q dependence and are entirely

consistent with intrinsic scattering by the deformation potential (dp) and

Frohlich mechanisms. Impurity-bound exciton scattering is expected to be of

maximum amplitude for our experimental conditions. Therefore the results

indicate that impurity-bound exciton scattering is not important, even for

doped GaAs samples.

Dipole-forbidden Raman scattering by LO phonons in semiconductor crystals

is now a well-documented phenomenon (Refs. 3-5). For above-bandgap

excitation, the cross-section of this scattering mechanism usually dominates

that of the allowed dp mechanisms. Several years ago Martin predicted that

the cross-section for the forbidden scattering should depend upon the phonon

wavevector, q (Ref. 6). In the limit of q-O, dipole forbidden intensity
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should vanish as a result of exact cancellation of the electron and hole

contributions to the electronic-lattice (Frohlich) interaction term

responsible for the scattering. Wavevector dependent LO Raman scattering has

been reported only for very pure CdS samples, but residual LO intensity was

observed even for near forward scattering geometries (q approaching zero).

This was attributed to small concentrations of impurities inducing the

forbidden scattering (Ref. 7).

In our experiments Raman signals were generated by the technique of

stimulated Raman gain spectroscopy, using colinear pump and probe beams in a

transmission geometry. Two mode-locked synchronously pumped dye lasers,

independently tunable from 1.42 to 1.56 eV, provided the pump (w ) and probe

(W2 ) frequencies (Refs. 8, 9). When w 1 - 2W-LO intensity was transferred from

the pump beam, which was amplitude modulated at 14.2 MHz, to the probe beam.

The signal was recovered from the probe beam at the modulation frequency. At

14.2 MHz, the noise associated with dye jet fluctuations was substantially

reduced relative to lower frequencies (Refs. 8, 9). Sample absorption of the

pump laser limited the energies to 1.51 eV or lower. Two different samples

were investigated; both were 200 pm thick, cut to expose [100] faces.

Sample 1 was doped with Cr (1017 cm-3 ), while sample 2 was intrinsic GaAs. A

liquid helium coldfinger maintained the samples at -180K. The samples were

oriented using x-ray diffraction.

Since the laser beams propagate through the sample, bulk scattering

predominates and the scattering is not sensitive to electric fields present at

the sample surfaces, as are above-bandgap backscattering techniques, where

electric fields can strongly enhance forbidden scattering (Ref. 10). Because

of the colinear geometry and the fact that the first order Raman process

conserves momentum, the wavevector of the LO phonon produced by the coherent

process is two orders smaller than in backscattering techniques.

The symmetry selection rules for Raman gain are the same as for

spontaneous Raman scattering. Selection rules for the scattering geometries

used are listed in Table I for both deformation potential and Frohlich

mechanisms. It can be seen that for parallel polarized incident and scattered
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light propagating along [100], the dp allows scattering by LO phonons only for

polarization along [011], and not 1010], whereas the Frohlich mechanism allows

scatterinj for either polarization. By measuring the LO phonon Raman

scattering intensity for both orientations, the two contributions can be

separated.

TABLE I

SCATTERING SELECTION
MECHANISM COORDINATE SYSTEM POLARIZATION RULE

X Y Z a LO(X)

DP L100] [OlO] [001] YY or ZZ FORBIDDEN

FROHLICH [100] [010] [001] YY or ZZ ALLOWED

DP [100] [011] [011] YY or ZZ ALLOWED

FROHLICH [100] [011] [011] YY or ZZ ALLOWED

Figure 1 shows the Raman gain spectra observed near the 292 cm- 1 LO

phonon resonance for both e sJ'eI [010] and 'e I 1 [011] configurations,

where ei and 's are the polarizations of the pump and probe beams

respectively. The pump and probe energies are 1.481 and 1.445 eV

respectively. A strong, spectrally flat, coherent signal is observed in both

configurations. The ratio of Raman peak intensity to continuum signal at

these excitation energies is close to 1:1. This ratio increases to about 4:1

as the pump beam energy is scanned closer to the Eo gap. Both the continuum

signal and the Raman peak show an intensity dependence on the temporal

separation of the pump and probe laser pulses, which follows the cross-

correlation of the two pulses. Based upon its temporal and spectral behavior,
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and the relative magnitude of continuum to Raman signal, we assign the
continuum signal to a coherent two-photon absorption (TPA).

Close to the bandgap, the ratio of Raman to continuum signal increases

appreciably. A large out-of-phase continuum component is observed extending

to longer delay times. We tentatively associate this out-of-phase component

with effects due to heating or free carrier generation.

TPA is expected to be essentially isotropic, and we use the background to

scale the Raman intensities for the two scattering configurations (Refs. 11,

12). The observed dependence of Raman intensity on crystal orientation, shown

in Figure 1, is exactly that predicted by dp selection rules. Almost no

forbidden intensity is observed, even for excitation energies only 20 meV

below the E. bandgap. Little difference in the Raman scattering is observed

for the two samples, which have vastly different impurity concentrations. The

impurity induced mechanism is not restricted by momentum conservation and
i. therefore is q independent. Thus, we would expect to see impurity induced

forward forbiaden scattering if the impurity mechanism were important.

Martin's q dependent theory of intrinsic Raman scattering provides an

appropriate model for our data (Ref. 6). In Figure 2, we plot the predicted

energy dependence for dp and Frohlich scattering mechanisms, calculated for

excitons plus uncorrelated free electron-hole pairs. Curve (a) represents

scattering induced by the Frohlich mechanism for the conventional

backscattering geometry, (b) represents both forward and backward dp

scattering, which is nearly independent of q in the range of interest, and

curve (c) presents the results for our case of forward Frohlich induced

scattering. As noted by Martin, the Frohlich mechanism is greatly enhanced

near bandgap resonance. However, because of the importance of the

dependence for Frohlich scattering, the theory predicts that forbidden LO

near-resonant forward scattering should be undetectable in our experiment. In

backward scattering at similar excitation energies, a forbidden component

should be clearly evident. The exciton states cause near-resonant forbidden

scattering to dominate the allowed component in backscattering geometry.
V%



The calculations are clearly consistent with the observed near-absence of

forward forbidden scattering. Impurity scattering is expected to be q

independent and would generate equivalent forbidden forward and backward

scattering. The observed weak enhancement of allowed scattering with approach

*to bandgap resonance also supports an intrinsic mechanism; however, the

present data lack the accuracy needed to quantitatively verify the theory.

Therefore, the new results strongly suggest below-bandgap Raman scattering is

described by dp and dependent Frohlich mechanisms. Additional studies may

be needed to reconcile this with prior abovc-bandgap experiments (Ref. 7).

Currently we are preparing to extend measurements to backscattering geometry

and to use incident energies above the bandgap in )rder to reconcile our

results with these observed for Eo + A resonance conditions.
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Figure 2. Raman scattering cross-sections (in arbitrary

units) calculated (a) for both forward and
backward scattering by the deformation potential
mechanism, (b) for the Frohlich mechanism in
backward scattering with q - 5.7 x 10 cm- , and
(c) for forward Frohlich induced scattering, with
q - 3.6 x 10 cm-1 . The photon energy is
presented as E - hv, where E is the bandgap
energy and v is the photon frequency.
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